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slet - L olF IUE AMEsle] A1 3FATHGE
Medical systems, Milwaukee, Wisconsin, USA). MR <
Aol =7 2 Field of view(FOV)+ 10cm, matrixe] 5
Ap= 256 x 1922 shsich AR Aoz wAle] T1 7
Z QAFS repetition time(TR) 300msec, echo time
(TE)-2 15msec® 3} A& 4 31 5~(number of signal
averaging ; NSA)2 23|32 slgjon, Agdz T2 #x
o3 4+& TR 2,000msec, TE 80msec, NSAE 13] 2 s}ich
FSE¢] ¢]3F <4 A2 TR 3,000msec, Effective TE 100
msec, echo train 163], NSAE 23] &2 gt} 7z 3%
oA, Agt FA= S5 mmE, AebH 7k 7H4L IlmmE
A8t oz, o]wf] 34} A7 Zhz} 14 574, 63

48
18 1827} A8 =9itl. FMPSPGRY 7% <34} o
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Table 1. Comparison of Detectected Tumors and Contrast-to-
nosie Ratio of the Tumor for Each Imaging Sequence

Contrast-to-noise ratio
of the largest tumor

Detectedtumors Detected tumors

(total) (> 5mm) in each rat
—— - 23 28.9 + 21.6
FMPSPGR 71 22 136 + 86
CSET2Wi 45 17 12.6 + 10.7
CSETIWI 45 21 et
Total 110 26

FMPSPGR

12701 2 AA s, A<t 57 5mm, A5t 7+4 Omm, flip
angle 70=% 3}91S 9, TR 119.1msec, TE 5.2msecZ 2
A=) gl a7, NSA 23] 2 slg]om, A A|7He 4727} 28
= itk

MR G4HE A3 F BE AS S4AA 242 A8
W Foll Zhol AR F 9] A Mo B3 7} o34
Aol ola) WY 3ok wmatsich. 7 o34 g Aol A 2
A% 319 S8 W@, 47 Smm ol 3

& w2 vtz 34 71l s HAE F3 9
A =E v ws}l7] ¢35t gl == o %2 ¥ (CNR)E o
3 2L FAd 93] AAbstuTh(4). =, CNR
(Stiver — Stumor) / Nsd(Sliver ; mean signal intensity of
Nsd ;
standard deviation of signal intensity of noise). Z}7+¢]
A37}e= £ i "4y s TR T UES =
s}l o, AH8-9] 413 = phase encoding #3Fol| 4] 715
& e 992 2alsch ONRS) 24& 7 Aol 4 4
7do] S5mmolAl 7Hd 2 FH o A FA 3kt
ZF3) 7o) i3 WA E P CNR A2 7k =}o]o
gt SAEA foA-S 73537 $138Fe] Wilcoxon mat-
2ajatole). a7

I

liver, Stumor ; mean signal intensity of tumor,

—
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rS‘L

ched-pairs signed-ranks test=
A} aAlo] 2|k MR Ao A& H7s)r] ¢t 5§
Mg o% §HE st A Rep e PHYE
FEste] = Abee) WA o)At A2 el sted 34

Fig. 1. Comparison of number of detected
tumors on FSE(left upper, TE 3000msce,
TE 100msec, 2 acquisitions, scan time 1
min 18sec), SE T2WIi(right upper, 2000
msec, TE 80msec, 1 acquisitons, scan
time 6 min 48 sec), SE T1WI(left lower, TR
300msec, TE 11 msec, 2 acquisitions, scan
time 1 min 57 sec) and FMPSPGR(right
lower, TR 119.1msec, TE 5.2 msec, 2 ac-
quisitions, scan time 47sec)images. FSE
image depicts nine tumor deposits(small
arrows) with sharp margination. On SE
T2WI, only the largest tumor is poorly de-
fined. SE T1WI image and FMPSPGR ima-
ges depicts five and seven tumor deposits
respectively with low signal intensity.
Note the hepatic vascular structures(large
arrows), which are most clearly visualized
on conventional SE T1WI.



o] A& ‘very good’, ‘good’, ‘fair’ & ‘poor’d] 45tA = 1}
“rol BlaLse] ®Hgfr).

2 =

A3 tiate] = 13vta]9] HellA &= 110709 F37} &
Aslgdch 39 7715 FAo] oF 2mmelA Scm7bA|
thefatedth(Table 1). 7k 34 WAl ol A A" F £ 9
& 7}7} FSE 8371(75%), FMPSPGR 7171 (655), CSE
T2WI 4574 (41%), CSE TIWI 457(41%)%ic}k. 24 5
mm °]Ate] F3&= & 26/ 24 FSE 2371(88%), FMP
SPGR 2271(88%), CSE T1WI 217}(81%), CSE T2WI
oA A 1770(65%)7} 7tz wk7 =] gich. FSE®} FMPSPGR
Zrell = WA deIA {238 2|7t 9 et (p>0.1),
o] FubA S BE CSE T2WI 2 TIWIe| u]s) f-2]5}A|
W7 Eo] =3htH(p<0.05) (Fig. 1).

%3] CNR FSE¢l| 4] 28.94 + 21.6, CSE T2WI 12.
62 + 10.65, CSE T1WI 9.47 + 8.05, FMPSPGR 13.57 +
8.6424], FSE W22 o} & wh2]d vla] fol3hA =& 4

2 2 Arh(p<0.05). 7 F ol 3loj] FSE %4jel At
A CNR-2 CSE T2WI7} 0.38, CSE T1WIZ} 0.47,
FMPSPGR <3 4}o] 0.64 9th(Fig. 2).

Aol Aol ‘Wi S5 mE SR Wb W A9
FSE ut2]9] Ad#|, CSE T2WId| A= 74, CSE T1WIel

A of : B0l MEE o= Fust ZHEYS UHE

A& 12¢)], FMPSPGRE 104 $dt}(Table 2). °34He] = o]
Eeko g AAFHAW A= CSE T2WIo|Aqt 299 U
o} Z7 o 3 LA E, 53 22 =79 T3 LA E H
FAre) AL uiA o) A xo wpe} J S wgren, 2ol vt
A= Fel s A4 Aol o2 Ao 7}t Aot vt
H7F Z2A E3 A= CSE T2WId A= 229l 93t
QAF e Bl 27 d3ko g qlslo] 53] Ake] Aol A
3l =tk 3ute] 9] e vk FA] AP Abelol A 3Ak
< dglen, o] A$ WAH F39 £ £ MR 4
Ayoj| A 2] BoFo FSES} CSE T2WIALo]ol] 2fo] & Ho]A|
2otch(Fig. 3).
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, 22414 SE el ula) g A7 AldE 5 Aw
RE7 E& e dFssith @Me TR St
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Fig. 2. Comparison of lesion conspicuity
on fast spin echo(left upper), SE T2WI
(right upper), T1WI(left lower), and FMP
SPGR(right lower) images. A left lobe
tumor(arrow) is most clearly depicted on
FSE image with sharp margin and highest
contrast. Slight blurring of tumor margin
and anatomical structure is seen on SE
T2WI. The mass was similarly visualized
on SE T1WI and FMPSPGR images. Liver
signal was slightly higher on the FMPS
PGR image.
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[\S]

average/ ETLE AAt=E]e] A 4= glch wpefa] o] 24 T

710]tH(13-16).

FSEo| A9 o2& o}z mA1A Ao 3 ubA]el| A2}
7o)l 5 Fo) u}E R A (respiratory compensation)2- ©]
43 = gl d slth 22y Lowsoll w2, 18«
= E73}aL FSE WAelA] 23]8 3&F 9 AR &5
°|gk Eo] IAA 23 of| 2 ubA] o) vl A AHA HF
Aok st (17). AAES A= AY Fol gk

x < 2AA AF A WA AR AHEE T Aol
7] wj ol ZAA Ao 2 upal o] AAE F73] At A
v EkA] Z3ch AbgeE A2 A E] SXU0S A A
AN A F Ao 8 o] A vl zakAch,

Lows-(17)& 269 2] 3kx}e]l tj&F FSE, conventional
spin echo, unenhanced and enhanced FMPSPGR <3 A}-&-

K

Table 2. Subjective Ratings of Image Quality for Each Se-

quence

Very good Good Fair Poor
FSE 8
CSE T2wI 3 4 5 2
CSE T1WI 9 8 1
FMPSPGR 6 4 3

vl sle], & 199719 W& WAt o] F, FSE WA 2
2 17970 (90%) 5 CSEZ+x 1697 (85%)5 w713}l o,
unenhanced %! enhanced FMPSPGRE 1787} (89%) &
7 5lel v, contrast-enhanced FMPSPGR °3AMqte
2= 15970 (80%) 5 #7dstdcla skdch(8). FSE wh4]
3} CSE7} AAFE9] 7399} o] & Ao]& HolA o=
AL, A A=2] 79 CSEe|| A] respiratory compensation
< AlEHA] T3 o, o] 59 A= s 37
©° g B7+=Er}. Semelka(18) % Schwartz5(19)2] |
X 7o) o3pbd FSE "hAlel| fat suppressiong ¥ 3)5};
+, 2 F&£ FH9 HA 7o dE2=E F7HAA
FSE®A] o] 4| & fat suppression7|®]S ¥ &30 24 o
AEE =Y 5 US 22 oA

FSE®WFA& F7245(20), & F441(21) ¥ F9H5-(15-
17)o] MRAEAA 1 f&Ao] Hrt=e] A 9lon,
AHEH o Alol| = -84 ol gt BI1v) o] Fo] A A =
FAlA FF de o] gE A AR A7E
3214 SEHAS dAE 5 e e Z ZdE =,
EF BAMY] A S 2T 5 Ut o2 5T A4S
& 5 e A2 AR
wbd o 2 T2 7}z dAke] 1t —FH7ke] 2= 5
A & A st TIZE 34l vl 3] LAE
Eoix &4=A Yo, 22). 2y T2 743 g4k Al

o rld Mo w

2 o
Ng, O}‘_] n‘,lo\l _|>~

2

o

fo

Fig. 3. Comparison of image quality of
four imaging techniques on rats died just
before the MR imaging. a. SE T1WI, b. SE
T2WI, C. FMPSPGR, d. FSE T2WI. A hepa-
toma curved arrow) is well visualized on
all sequences with similar image quality
and lesion conspicuity.
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L2 o= P i e M B i 2 R N b B R S R R - s
7ro] Aok A o] vk 2 AHAe] dukd MRYAH

=] o)) A invefsion-recovery‘%’ili’f]- Z2e 738 T1 73 % <3
AFS o] 43171+ (1), echo timeS- ZFo]Ex] A v} oA (fat
suppression) #A] - o] &35l =& JRrEE JL F 9
o, o i3t HHAEE IAF T2 74x A ZA|
R AI}E 4L T dvke Bt odvh(23, 24). 2yt

A]
A
|

o5 WA =3 A4 XS AA A APl 7
FHES 7R & ks Do) stk webA] Ak A
e EolL 2 T1 A= S 7] g ez o
F& FE 34 A o] ANE o] AvhEut gl o] & WA
2 AN S5 A g TG AR 9 4L
d& T WM ] £oH4-9). 2AeF WA S o] 87

rapid acquisition spi echo(RASE) H}2]-2 half-Fourier
transformationS %3 23%2] <3 X|7kel 11702 T17};
Zo] G4 S IS '}f‘ Al 3l Fo = 2F o
g fFEES ol 2 HEEE st F0H(4, 7).
et oA A E AEE O A4S B} ol v, pul-
sation artifact7} A4 & I gl o™, FAF ghH o] =7} &
o] 7+ AAE JAr3} A & 5 sl Gradient echo
(GRE) #}A]-& o] 43t spoiled GRE {FLASH (Siemens),
SPGR(GE), T1-FAST(Picker), STAGE(Shimadzu)} =
+ magnetization prepared GRE(MP-GRE) {Turbo
FLASH(Siemens), FSPGR-prepared(GE)}¢} Z H3 &
o] A/ b UGS, 6, 25-27).

FSPGRS| t©} Hw A g5 wprolzt &
FMPSPGRL o} &2 TR % TEZ <A 3+ ot
ZFe 1% oW 2 &Y F ¢l fast gradient ¥ S 24,
Z}e] 3] 2}7]|3}-E phase offest RF pulse® spoiling3}
o] T2* A3}o] °§§}% QoA 7+ Ao g T1 7=
A& ghid 343 & 5 qlew, o8] HHE inter-
leaved 34| 2 2 F Aol JAts} o2, thH e gapS
ol A3 & et gl A3 AEE $A s A2
a719 985 A &% 7 vk =3 "AAFHA TR
A|Zko] gk oA d At} & uf B} AA o Alsd 3
+ 8 =9 £ 5 Utk (13, 17, 27).

Semelkas-(28)-2 rapid acquisition spin echo(RASE),
turbo FLASH, FLASH % 12214 A3 o2 2] o] 28k
T1 7= GAre vl wsle v, FLASH®¥ A o] 714 Al%
= o S vl 2 e 2o Als AE Afo] of 3]
(spleen-liver signal-difference-to-noise)zto] ¥kom,
=A%l o3t AF o] MR A, 9k A =3
7HE Eokvka Bk v glok 23], Low 5(27) 9]
< 1o w29 FMPSPGR WA slice®d %3 4F A|Zbo]
FLASH®] 1.35sec/sliceel] B]3l] 0.88sec/slice® ©]2 7t
2 A g 3lge R FAte] AL Fole dH B £
T ot} 3led o, FMPSPGR HM4]-S Semelkas(28)
o] ool A9} ZFo] 256 X 128matrix, + 32kHz band-
width, 1 excitationS 3} A|g§& 7, v]5=8F SNRY

) ~{>

3
g A

> rlr

4

AEYe| Wi

Fofl & s

o

Moz fu

I
0
:
o
ot

CNRE& 4% -’f‘ gl 21}, receiver bandwidth® =+
16kHz= & 7%, SNR9| 72% %7} ¥ CNRS 66% 57}
25 /Mg 7 ok sk

TE+= FOV, scan thickness, receive bandwidthel] o2}
H3lEA =5, TRS TE % A whH o] 52} optional
parametero] o}g} W3} c}(13, 17, 27). £ AT A= 3
FHE Aoz ste], FOVE 10cm, scan thicknessE 5
mm= 3F9] 3, afg}x] TE A]7}e] 5.2msecE F o], Ao
Ao AFg-ElE A17Eel 2.3—2.7msec(fat / water opposed
image)} 4.2 —4.5msec(fat / water in-phase image)°l| H]
3 Zdojxlow, w3 SE TIWIS FU3 »vlas ¢
NSAE 22 slofr] oJal Azto] AlzhelA] Alefd wjo
22 —30sec(FOV 30—32cm, scan thickness 10mm, TE
2.6—2.7msec, NSA 1)) 8] &) 47secz ZAoiA Tt}

z+ A} 7|l A dAke] AL Sl A7 FHE
o] el Axe} AL s T2 HFH L V|E2E
sto] H7}sted &of FSES} SE TIWI 3 Ate] ®s3hA ¢
T AR ﬁ7}ﬂai—”—tﬂ ol F¥ o] WA Eo| Y FA
E+ FSEo|A 3kl 2, s 584 +=, ~6] 7] 73
A W59 g3 7= %f SE T1WIe| 4] SF&l3tA] 23
= 917] dEo]dch SE T2WIe| A& A3 ¥2] ol &3t

geFo g ofakel A w3t 7H vmA PriE ok 22y
o]Fel sloiME FAate o] e vhH Axof FFS
stk A, SE 92 Abgel A48 A% 2§ 2AS
Fozxn Jae] AL F4 & 5 3la, FMPSPGRS 7
L ZFSAHASER Foun TF 93 FHES
d Folemz Al gig 975 53 vlav)t aste
2} A 73l

B Al sl Ajt Ao shte AF e 7S Ad
F AAZ F rEagdo gt wA3 F AANAY] W&
o A Hw-S& MR At} shds] dXA|A BA X3}
A9 Holth FHE AAH o2 YFsle] AR B}
AP Q] vl 27} st Aot RS oA = ol2t
72 wpg& A gEkA] gskrh 22v, 75’ MR dAtell
A P FAEY gSEHEE 2 AR TEES &Y
st ar, Aol Bxo] MR A WA 7He] Blael U2
B2 o]l2H oz dAatEle] A F gle 23 HEIe &
¢ (mismatching)-& MR 3 A}7ke] vl g S5-2 5 3]
£ FAA-2 4= gy AR I He
H| R = MR GAPEA| Zke) vl mgte 2 o] Fof 2|3 3l
71= 3}e}(1-3, 17, 18, 28). & AF¢l slojA|9] = st
oFx e Ay Fol thsle] £F HAS B a3 SE A4S

17 Zatg e o o ShellA g3 vke} 32o] FSE

P

5‘.:

E
Aol 55 HARS WA S gl ) wstel, w4 A SE
PAe 5F DAL BT $AYY o B 2L 5 9

£ ol o]% AHESHA EalE A AN o B AT

A7} FSE WAlS Assh she A3 aglez ah43)
Al =L 7FsA o] Eoh mehA o) o} 2 oFg¢ B eta
7] 918lo] ol iy 5F BAF ubAlLS Auar Favt
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Comparison of Fast Spin Echo, Fast Multiplanar Spoiled
Gradient Recalled and Conventional T1 and T2 Weighted
Imaging for Experimentally Induced Hepatic Tumors in Rats

Myeong-jin Kim, M.D., Jong Tae Lee, M.D., Jin Suk Suh, M.D.,
Pil Sik Choi, M.D., Yeon Hee Lee, M.D., Hyung Sik Yoo, M.D., Ki Whang Kim, M.D.

Department of Diagnostic Radiology, Yonsei University College of Medicine

Purpose: To compare the ability of tumor detection and the lesion conspicuity between T1- and T2-weighted
fast scanning sequences and T1- and T2-weighted conventional spin echo techniques in MR imaging of hepatic

tumors.
Materials and Method: Hepatic tumors were induced on 13 male Sprague-Dawley rats by feeding
3'-methyl-dimethylethylaminoazobenzene mixed with Miller's 1l formula for 12 weeks. MR images were

obtained with 1.5T magnet with dual TMJ coil(Signa, GE Medical Systems, Milwaukee, USA). Animals were
anesthesized with 150mg/kg of ketamine hydrochloride. T2 weighted fast spin echo(FSE), conventional spin
echo(CSE) T2- and T1WI, fast multiplanar spoiled gradient recalled(FMPSPGR) imaging were obtained. Number
of detected,tumors and contrast-to-noise ratio of the tumors were compared for each sequence.

Results: Overall 110 tumors were developed. 75% of the tumors were detected on FSE, 65% on FMPSPGR,
41% on conventional T2WI, and 41% on T1WI images. For tumors more than 5mm in diameter, sensitivity was
88% on FMPSPGR, 65% on conventional T2WI, and 81% on T1WI images respectively. CNR of the tumor was
28.94 + 21.6 on FSE, 13.57 + 8.64 on FMPSPGR, 12.62 + 10.65 on CSE T2WI, and 9.47 + 8.05 on CSE T1WI
images, which was significantly high on FSE (p<0.05).

Conclusion:Fast spin echo T2 WI shows highest sensitivity and tumor-to-liver contrast. FMPSPGR imaging
is also favorably comparable with conventional TIWI. Therfore, these two pulse sequences can be useful in

clinical condition for hepatic MR imaging.

Index Words: Liver neoplasms, MR
Neoplasms, experimental
Magnetic resonance(MR), comparative studies
Magnetic resonance(MR), technology
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Sagittal Image Coronal Image

. 2.0T Homebuilt MR machine at KAIST
. Homebuilt saddle coil : Diameter 2.0cm
. FOV:2.0cm

. Slice thickness:1mm
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